Myoglobin: cytochrome b5 interactions and the kinetic mechanism of metmyoglobin reductase.
Metmyoglobin (metMb) reduction by metMb reductase from heart muscle requires cytochrome b5 as electron-transfer mediator. The existence of a metMb-ferrous cytochrome b5 complex is demonstrated by mutual perturbation of the proteins' respective electrophoretic titration curves between pH 4 and 7. The same technique shows a preferential binding of cytochrome b5 over metMb by the enzyme. The paramagnetic hyperfine shifts in the cytochrome b5 1H NMR spectrum are perturbed by metMb, indicating the formation of a specific bimolecular complex with a 1:1 stoichiometry and a binding constant estimated to be less than 10 microM. The resonances assigned to the cytochrome b5 heme 6-propionate methylene group exhibit the largest complexation shifts. Computer modeling implicates lysines 47, 50, and 98 of metMb as contact points with cytochrome b5 carboxylate residues 43, 44, 60, and heme 6-propionate. The mechanism of the enzymatic reduction establishes metMb reductase as an NADH-cytochrome b5 oxidoreductase. Cytochrome b5 is reduced at near diffusion-controlled rates by the enzyme with a turnover number of 1000 min-1 X Km for the cytochrome is 0.9 microM versus 100 microM reported for the erythrocyte enzyme. Ferrous cytochrome b5 then reduces metMb nonenzymatically with an apparent rate constant of 4.9 X 10(4) M-1 min-1 X Acetylation of metMb, which does not affect its oxygen affinity or chemical reduction, renders it a poor substrate for enzymatic reduction. This study suggests a function for the three exterior lysine residues conserved in all mammalian myoglobin sequences: they are contact points for complexation with cytochrome b5.